Abstract: Investigations of melting, equilibrium swelling and the stress-strain behavior of radiation crosslinked polyethylene are reported. The results are jointly described whereby a novel phenomenological treatment of the swelling of van der Waals networks was needed implicating a discussion as to how the modulus is related to the concentration of the cross-linkages. This concentration is obtained from the analysis of the melting process by application of the thermodynamics of eutectoid copolymers, which is also shown to deliver structural parameters which are in good accord with X-ray data.
Introduction
For crosslinked polyethylene with stereoregular chains we are in the outstanding position to prove the utility of theoretical concepts of rubber-elasticity by a jointed discussion of three independent phenomena a) crystallization and melting b) equilibrium swelling c) stress-strain behavior. It has been shown that crystallization of networks can fairly well be described by treating these systems as eutectoid copolymers [1, 2] . The junctions as "noncrystallizable units" define the length distribution of the crystallizable sequences by which crystallization and melting is uniquely regulated. It is thus interesting to prove whether the analytical concentration of the junctions can be drawn from the description of the melting process with the aid of the melting theory of eutectoid copolymers [1, 2] .
To understand swelling of "short-chain networks" it turns out that a novel definition of the entropy of mixing in swollen networks is required. The well known Flory-Rehner theory [3] [4] [5] [6] [7] [8] is based on the use of the model of a polymer solution comprised of free par- K 916 ticles. Yet, in short-chain networks this assumption can no longer be adequate due to constraints which should distinctly reduce the configurational abilities of the chains.
A second fundamental objection to the theory of 8] is that the elastic properties are computed with the aid of the Gaussian model disregarding effects due to finite chain lengths and due to global interactions between the chains. We will account for both of these by the use of the phenomenological van der Waals model [9] [10] [11] [12] [13] .
Moreover, it must in principle be questioned whether the chains in real networks with a broad chainlength distribution can operate as energy-equivalent subunits of deformation [3, 8, 25, 26] . We present with this paper an interpretation of these problems based on a phenomenological approach the utility of which is then defended by a consistent description of crystallization, equilibrium swelling and simple extension of radiation-crosslinked polyethylene. We are herewith also faced with the question as to how entanglements contribute to the quasi-static modulus of real networks [3, 8, 25, 26] .
The short-chain network
To describe the maximum macroscopical strain of a network by
is equivalent to assuming that the unstrained conformation of the chains is Gaussian-like [3, 8] . Assigning y to the number of stretching invariant units the size of which is in principle smaller than the size of the equivalent statistical unit [8, 12] , relation (1) for this reason holds only approximatively. Now a crucial point is how equation (1) must be modified to take into account that in real networks with a broad chain-length distribution (embracing very short chains also), the chains cannot in any case become operative as energy-equivalent units of deformation. No theoretical ab initio treatment of this problem is known up to us. Hence, we introduce the empirical relationship
The parameter 2~i. is supposed to cover effects due to the eigenvolume as well as due to cooperation with next neighbors which might be expected to come about in short-chain networks. It is hoped that 2min characterizes permanent features of the structure of real networks such that it should be possible to describe experiments on homologue networks with a fixed value of "~min"
The conformational autonomy of the chain lost, the important question arises how to define the "energetical structure" of the system. For the Gaussian network as an ideal conformational gas [3, 10] only the density of the phantom chains matters; kinetic energy is equiparted over the chains as subsystems of deformation. Hence, we are led to the modulus
where e is the mass-density, R the gas constant and T the absolute temperature. The molecular weight of the stretching invariant unit called Mi, the molecular weight of the chains can be expressed by
such that we find the relation
For polydispersed short-chain networks we now also postulate to always have a defined permanent number of energy-equivalent subsystems of deformation. The modulus of the real network in analogy to equation (2) can then be defined by G=oRT/Mu=oRT/22Mi (6) where Mu is the average molecular weight of the energy-equivalent subunits of deformation. The average strain-energy per chain should now be described with the aid of the van der Waals model [9, 18] . The potential function in the deformational mode i is then written as W(2) = G --2 {bmi(ln (1 -/71/2) +/71/2) -~- (7) where
qSi is the deformation function of a homogeneous incompressible continuum for simple and equitriaxial extension defined by [8, 9, 14] ~1 = ( 22 + 22-1 --3)/2 (9)
2 = L/Lo is the macroscopical strain relating the actual length to the appropriate value in the unstrained state. q~mi is the analogue function with 2 replaced by 2mi. In the equitriaxial potential the logarithmical term often used in literature [3, 8, 25, 26] is intentionally ommitted [28] . Finite chain extensibility is accounted forby the van der Waals parameter 2mi for both of the modes under discussion given by [17, 18] Global interactions between the chains as described by the second van der Waals parameter, a, are found not to depend upon the deformational mode [10, 13] . The van der Waals equation of state is then derived to be equal to ~,ml M i (13) 
